A colony blot enzyme-linked immunosorbent assay was developed for the rapid identification of smooth Brucella species, i.e., Brucella abortus, B. melitensis, and B. suis. Bacterial colonies from plates were blotted onto nitrocellulose disks, lysed by immersion in chloroform, and reacted with BRU 38, a rat monoclonal antibody with specificity for the O side chain of B. abortus. Reaction with anti-rat immunoglobulin G conjugated to horseradish peroxidase and development in 4-chloro-1-naphthol resulted in colonies of naturally occurring smooth Brucella species staining purple. Results could be obtained within 4 h after colonies were visible on plates and individual colonies could be detected. Yersinia enterocolitica serovar 0:9 strains were the only other organisms tested which showed cross-reaction by using this procedure. Because of its speed, sensitivity, and specificity, this technique should be very useful for identifying smooth Brucella strains in diagnostic laboratories.
Brucella species are important causes of abortion and infertility in animals (18) . They are also a major public health concern, because some species, namely, Brucella abortus, B. melitensis, and B. suis, are highly infectious for humans. These organisms are often difficult to isolate from clinical samples, and once they are isolated, the identification of Brucella species is based largely on a few biochemical tests and on slide agglutination reactions with test serum (6) . For these reasons, positive identification of an isolate as a Brucella species may take several days after visible colonies have developed on the primary isolation medium. Also, the use of slide agglutination reactions may yield false-positive reactions due to cross-reacting organisms. Thus, to expedite the accurate identification of freshly isolated B. abortus strains, we have developed a colony blot enzyme-linked immunosorbent assay (ELISA) using a monoclonal antibody, BRU 38, with specificity for the O side chain of the lipopolysaccharides (LPS) of B. abortus and B. melitensis (15) , as the primary antibody. This technique is similar to others which have been described for the detection of other bacteria and bacterial products (8, 10, 11, 16) . In addition to providing a fast, specific, and sensitive means for identifying B. abortus isolates, the colony blot ELISA described in this report also appears to be useful for identifying isolates of B. melitensis and B. suis.
MATERIALS AND METHODS
Bacterial strains. The origins and sources of the strains used in this study are given in Tables 1 and 2 . Working cultures were grown on Trypticase soy agar (BBL Microbiology Systems, Cockeysville, Md.) slants at 37°C under a 5% CO2 atmosphere for 48 h and stored at 4°C with monthly transfer. Stock cultures were washed from slants and stored at -70°C in skim milk. The colony type of the Brucella strains used in this study was determined by the ability to autoagglutinate in 0.1% acriflavine and the ability of bacterial colonies to take up crystal violet (6 Following lysis, the disks were allowed to dry for 15 min at room temperature and then placed into glass petri dishes containing 25 ml of a blocking-digestion buffer consisting of 0.15 M NaCI, 0.02 M Tris, 0.005 M MgCI2, pH 7.5, which was further supplemented with 2 ,ug of DNase I (Sigma Chemical Co., St. Louis, Mo.) per ml, 80 ,ug of lysozyme (Sigma) per ml, and 3% bovine serum albumin (Sigma). Disks were incubated in the blocking-digestion buffer at room temperature on a rotary shaker at 80 to 100 rpm for 45 min and then washed by serial passage through five glass petri dishes, each containing 25 ml of 0.5 M NaCI, 0.02 M Tris, pH 7.5 (TBS) supplemented with 0.05% Tween 20. Each disk was then placed into a glass petri dish containing a 1:10 dilution of the monoclonal antibody BRU 38 in TBS and incubated for 1 h on a rotary shaker as described above. BRU 38 is a rat immunoglobulin G monoclonal antibody produced by a hybridoma obtained from the fusion of SP2/0 myeloma cells with B cells derived from the spleens of rats immunized with B. abortus 19 cells (15) . BRU 38 reacts with the O side chain of the Brucella LPS complex (15) . After incubation with BRU 38, the disks were washed in TBS containing 0.05% Tween 20 as above, and each disk was placed into 15 ml of a 1:800 dilution in TBS of goat anti-rat immunoglobulin G conjugated with horseradish peroxidase, incubated on a rotary shaker as described above for 1 h, washed again in TBS containing 0.05% Tween 20, and then developed in a solution containing 60 mg of 4-chloro-1-naphthol, 10 ml of methanol, 0.6 ml of H202, and 100 ml of TBS. The reaction was stopped by immersing the disks in a large volume of distilled H20.
Detection of B. abortus colonies in a mixed culture. B. abortus 19 and clinical isolates of Escherichia coli and abortus 19 suspension was mixed with 0.3 ml of the 10-4 dilution of the E. coli suspension and 0.3 ml of the 10-4 dilution of the S. faecalis suspension. Each of these dilutions contained approximately 106 CFU/ml as determined by standard plate count procedures. A 10-»tl sample of the mixture was placed onto each of three Columbia blood agar plates and streaked with a sterile loop; 10 pl of each of the dilutions used in the mixture were also streaked individually onto Columbia blood agar plates. Plates were incubated for 48 h at 37°C with 5% C02, and the growth from the plates was used in the colony blot ELISA described above.
RESULTS
For all of the bacterial strains tested, colonies were easily blotted onto nitrocellulose disks by using the described procedure. The disks wetted quickly and sealed tightly to the surface of the medium. When the disks were removed, the majority of the growth from the plate was stuck to the nitrocellulose membrane, forming a mirror image of the growth pattern on the plate. Colonies having antigens recognized by BRU 38 showed up as purple areas on the white background of the nitrocellulose disks (Fig. 1) . B. abortus 19 colonies could also be distinguished in mixed culture with E. coli and S. faecalis (Fig. 2) .
All of the naturally occurring smooth Brucella strains representing B. abortus, B. melitensis, and B. suis tested in this assay yielded positive results. Conversely, all of the B. canis and B. ovis strains tested, which occur naturally in the nonsmooth phase, gave negative results. Stable laboratoryderived rough mutants of B. abortus (RB51) and B. melitensis (B115) were also negative in this assay. Of the other organisms tested, the only ones that gave positive reactions in this assay were serovar 0:9 strains of Yersinia enterocolitica (Table 2) .
DISCUSSION
Diagnosis of brucella infections is complicated by the fact that these organisms are often difficult to isolate from clinical samples and once isolated there are very few biochemical tests available to confirm the identification of the isolate. Agglutination in positive serum is sometimes used as part of the regimen for identifying B. abortus; however, this approach can cause problems because there are several other gram-negative bacteria which can show serologic crossreaction with B. abortus (5, 7, 9, (12) (13) (14) 17) .
The technique described in this report makes use of a monoclonal antibody, BRU 38, which is directed against the O side chain (perosamine polymer; 4) of the LPS of B. abortus (15) faecalis (Fig. 2) . However, selective media should still be used, as some tissue contaminants appear to be able to prevent the growth of B. abortus on a nonselective medium (R. M. Roop, unpublished data). Finally, as little as 1 h seems to be sufficient for incubation of blotted disks with both BRU 38 and the secondary antibody when they are used at the dilutions described. With time allowed for washing between incubations and for the lysis and blocking steps, tentative results indicating the presence of Brucella spp. can be obtained as soon as 4 h after colonies are visible on a primary isolation medium. If sterile (autoclaved) nitrocellulose disks are used, plates can be reincubated and a colony which yielded a positive reaction can be removed and used to confirm the identification by routine biochemical procedures and for shipment to a reference laboratory for biotyping.
Because of its speed, specificity, and sensitivity, the procedure described in this report should be very useful in both human and veterinary diagnostic laboratories for the identification of B. abortus, B. melitensis, and B. suis. It will provide small laboratories with a dependable method for rapidly identifying these virulent organisms without having to rely on reference laboratories. Work is under way in our laboratory to expand this technique to B. canis and B. ovis isolates through the use of other recently developed monoclonal antibodies.
